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0 Composite QAM-PSK transmission system. 

fmSm^Hl^ \ S T nd ma * n *** ^ 3 5ubdata * muWl ^ modulator produces a 
^ T PHSeS 8 quadrature amp,itude ™^ ,ated component modulmed ^»e 

first and the second mam data signals and represented by a radius on a phase Dlarrcand a ohasa meJ^J^t 

phase Ptene-A multilevel demodulator cames out an inverse operation to reproduce the composite modulated 
signal into first and second reproduced main data signal and a reproduced subdataTgna. 
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IW *'!5^S'J!!, ( !^]S^f APABLE ° F PR0DU «NG A COMPOSITE MODULATED SIGNAL COMPRISING 
A QUADRATURE AMPLITUDE MODULATED COMPONENT AND A PHASE MODULATED COMPONENT 

Background of the Invention: 

This invention relates to a multilevel modulator capable of producing a composite modulated signal in 

J° , a J na,n «? ta 2,9031 ** a s"™** s, '9 nal and to a multilevel demodulator for use as a 
counterpart of the multilevel modulator. 

4^f^lTi rT Sr in9 ^ST 01 descnbed is amplified in United States Patent No. 

4,498,050 ,s^ed February 5, 1985. to Yasuharu Yoshida, the instant applicant and assigned to NEC 
Corporator,. Th.s system Is a composite PSK-PSK modulating system which comprises a 2"-phase PSK 
modulated component carrying the main data signal and a 2-phase PSK modulated component carrying the 

.^■L t^cS^L TT 1 bft **• f ' * *• subdata a '9 naI - As a result the subdata signal can be 
effectively transmitted without adversely affecting a bit error rate of the main data signal. 

nf ?JF*JFZ!* i 1L" mulUteve ' < P ad « ture amplitude modulating system has recently become the center 
of a digital transmission system. In the multilevel quadrature amplitude modulating system, a pair of 
quadratae-phase ►carrier signals are amplitude modulated by first and second input signals into a multilevel 
quadrature amplitude modulated signal. When each of the first and the secoiTinput signals is £55 
binary agna^ where nisa positive integer whicn is not less than two. the multilevel quadrature amplitude 
mediated signal has 2*output s.gnal points on a phase plane which has an origin and real and imaginary 

mTi^S^^SLf^ 9 °S?-. SUCh mmkml QUadrature modulator is exemplified 

L^n^ln^ST Ar S cabon ^ 77^217 filed September 23. B85. by Junichi Uchibori et al. far 
assignment to NEC Corporation. 

c*J!Z l^StS^T amp,itUd ° m0dUlator can effectively Ut * ,i2e a ^ level Therefore, a large- 
c^aoh/ digital radio communication network ordinarily comprises the multilevel quadrature ampfitode 

By the way. the conventional composite modulating system is restricted to the PSK modulation 
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Summary of the Invention: 

M J^^™ °i* JCt 1 oftWs !nventon 10 a multilevel modulator capable of producing a 

ZS^f^S, ^ COmpriS, ' ng a quadrature amplitude modulated component aid a phase 

Tr^Jl^ ™*? SB to 3 mafn data ^ and 8 «***« signal each of which has different 
bit rates and which are supplied to the modulator as input signals. 

^IJLh^Z ^t? °! m '! invention to P""** 3 multilevel demodulator which is for use as a 
counterpart of the multilevel modulator of the type described above 

SST thiS inventon Is appBcab ' 9 is tar modulating first and second main data 

22 f ILSS 3 C ° mp0Site modulated Each of the first and the second main data 

«SL J rep ? S8nt8d by first bits where n is a positive integer which is not less than two The 

Sm^f^lT 50 "^ ^ 006 ° f firEt ^ SSCOnd at a time. The multilevel mrfulaS 

^^SlTj r ^ nsive to the first and the second main data signals and the subdata 
!fi ? ? 9 8,8 fiRSt ^ thB ^"d main data signals and the subdata signal into the composite 
mrfulated signal comprising a quadrature amplitude modulated component ana a phase mSTtS 
component The quadratoro amplitude modulated component is modulated by the first and the second mSn 

szkssrxs ^ « a phase — ™- *- — 

m J V I ^ ,!ireVe, , dem0dU ' ator to Wh,Ch mis {nvenfion is appDcable is for demodulating a composite 
Zf^'SE Z PnS ^ 3 T lfflevel quadrature modulated component mSulatS^S 

man data signals and a phase modulated component modulated by a subdata signal, eih 5 
tte first and the second mam data signals is represented by first through n-th bite and has a first bitrate f 
The subdata signal is represented by one of first and second binary values at a timTaTh* f? 
rate f, which ,s not greater than the first bit rate divided by a predetermined natera. number m ^al 
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modulated component has a phase difference of 2« radian when the subdata signal is represented by a 

predetermined one of the first and the second binary values where a is not greater than The 

multilevel I demodulator comprises detecting means for phase detecting said .composite modulated signal to 

produce first and second phase detection signals.- According to thirlnVSrltioK the multilevel demodulator 

5 TT- ^P" 383 ™P roducin 9 means coupled to the detecting means for reproducing a reproduced 

S l T SeCOnd rQ P roduce d m ain data signals in response to the first and the second 

phase detection signals. 

In the manner which will later be illustrated, the amplitude modulated component is represented on a 
phase plane by a radius from an origin. The phase modulated component is represented by a clockwise or 
io a counterclockwise shift 

Brief Description of the Drawing: 

rs Fig. I is a block diagram of a multilevel modulator according to a first embodiment of this invention- 

m h; , J ^ V ° UtpUt S ' 9nal P° int a^ement of a composite modulated signal produced by ttie 
multilevel modulator illustrated in Fig. I; 

inventtor? 3 '* * ° f 3 multi,evel modulator according to a second embodiment of this 

mu^d^odu^ SSZ&g? Pr ° dUdn9 ^ 8 UnK ° Perab,e " 8 ° f *■ 

Rg. 6 Is a block diagram of a multilevel demodulator according to another aspect of this invention; 

demodStor H£Z RgT " " **** *"* 33 3 ^ * **• 

Rg. 8 Is a view for use in describing operation of the subdata reproducing circuit illustrated in Rg 7- 
InventiOT di39r3m °' 3 mumiwei dem odulator according to still another aspect of this 

30 toJ^JZ^gT * 3 as a part of the muHHeve. 

Rg. II is a view for use In describing operation of the subdata reproducing unit illustrated in Rg. 10; 
2" « i 3 « J"!" 88 *" d9SCfibin 9 operation of the subdata reproducing unit illustrated in Rg. lu; 

3S demod^^illu^^T * SUbdafa rePr0dUdn9 Unlt ° Per3b,e aSaPart ° f ^ ™ W,eve ' 

demod^atoNiateS 3 ** r9P,0dUCing 83 8 p " t 01 muW,eve ' 

Rg. 15 is a view for use in describing operation of the main data reproducing unit illustrated in Rg. 14. 

40 

Description of the Preferred Embodiments: 

«JSI? mn , 9 ,l 0 I 9 ' L 3 mU,tll8Vel modulator accordi "9 to a first embodiment of this invention is similar to a 
4s IZlTfi w Y "? Ur ^ 3 ? ratUre ^P'^ 6 modulator ««P» for « phase modulator 20. The multilevel 
EStT. /" m ^ l8 ° n9 ^ and SeCOnd main data si 9" ab MP ' and MQI and a subdata signal 

MO? el ^^K mt 2?! d Si9nal CM - EaCh 0f ^ firet and •» **»" d main data signals MP. and 
I n h^o by ," Wh9r9 " r8preSentS 3 positive inte 9 er "•** ^ not less than two. Ordinarily. 

iXrte^ua?^ " " Para " e, • " Wi " 66 ^ ^ for - descri P« on - *• 

M ^nLThl^Tv? If* *■ fir$t m8in d8ta S, ' 9nal MPI is a cnannel P and is represented by first and 
second bits M and X2. The second main data signal MQI is of another channel Q and is represented by first 

l^ lllf 7 2 " I** ° f *» ** and S9C0nd main data MP. and'MQI isTrefore 

f ' I?"' teV9,S - ° f 1,18 ** 30(1 th8 main data signals MPI and MQI has a 

first bit rate f.. The subdata s,gnal SUB is represented by a single bit namely, one of first and second 

SisTuLlS "Y 59 b ! n3ry ^ and Th8 sianal SUB ^ a seconTbrt^f, 

which is equal to f Jm where m is a positive integer which is not smaller than two. 



3 



0 238 822 



20 



25 



^ Phase modular 20 is supplied with a carrier oscillation signal SCI from a local oscillator a and is 
^SLl^l^T SUB - The phase modulator 20 is for phase modulating the carrier 

oscillabon s«gnal SO by the subdata signal SUB and produces a phase modulated signal SC2. For example, 
the phase modulated signal SC2 has a first predetermined phase difference relative to the carrier oscillation 
s signal SCI when the subdata signal SUB has the binary value -0". When the subdata signal SUB has the 
binary value "J the phase modulated signal SC2 has a second predetermined phase difference relative to 
the earner osciteon signal SCI. The first and the second predetermined phase differences should have a 
common absolutevaiue a which should not be greater than W2*Yadian. In the example being illustrated 
0.19 radian is selected as the common absolute value a. 
io The multilevel modulator comprises a first digftaMo-analog converter 22 supplied with the first main 
£ *5£f ? S8COnd d H#^analog converter 23 supplied with the second main data sigS S 
]^d££Z£° ra L 9rter of C ° nVertS ^ firSt main data ^ MP < to « first analog signal. The 
ST^ Zt^ ^ C ° nV !? r 23 ^ tfle second main data ^"al MQI to a second analog signal. 
« 2?li *1 ™? ^ anak>9 Si9nab haS 30 level determined by a pertinent one of the 

T "? J£ T m !;" Ctata "■B"* mi The first and the second analog- Jgnals are delivered 

fiS ^ rl^ ^ 24 and 25 10 firSt ^ SeC0nd ^P^cte modulators 26 and 27 as 
first and second modulating signals MPII and MQU, respectively. 

Sao^d^l^^H 55 " 9 ^ S ? i$ d6,ivered to * 9 first ^P'^ modulator 26 as a first earner signal 
SJ/SjSFS fZT* 1 * "* ^ 28 to the second amplitude modulator 27 as a second carter 
S-rt^JJTr S,9na L SC, ° 035 * quadrature phase difference relative to the second earner 
2cSd S^12^2Jr ^™L™P libKk > modulators 26 and 27 amplitude modulate the first and the 
s^d^carner signals SQO and SC20 by the first and the second modulating signals MPII and MQII. 

MPlTL fi Mr^!r^l an f 5tUd8 modu,8tore 26 ** 2 7 P^uce first and second modulated signals 
?E rSrn^r^ 3,1(1 S8C0nd m0dulated si 9 nal3 MP| 2 and MQ12 to a multiplexer 29. 

^ t S^, 1 fH mU ^!? I? " d S8cond modulated a * nab MPI2 and MQI2 into the 
Sit ^fntS ftlSS8enthatth9 ^P^te modulated signal CM comprises a multilevel 

M^iSS^lSST < T, P0n8nt "* ab0V9 ^ scribed Phase modulated component The 
*£tn atf^.Ti '^S** 1 C ° m P° nent iS modulated by *e first and the second main data 
" com P° s,te modulated signal CM has sixteen output signal points on a phase 

SeTodu^^h^ 6 ^^ ^P 05 " 9 modulated *»■• ^ is transmitted to a muC 
demodulator through a transmission medium. 

orfh^^JL?" Ph2SQ plane is defin9d b V 30 ^'Oin 0 and real and imaginary axes X and Y 
o^onally crossing at the origin 0. The real and the imaginary axes X and Y represent me first and the 

P°^ *? deputed at Ait or Blj. where i and j are positive integers which are not greater than four. The 
SlSSl d8riVed When signal SUB has the binary value "O" and 

ti^er^^r^^r^^ **" SC * h3S *• P^nnined phase difference relative to 
<o wSc^^to^cSS^ ^ ^ ° Um "*« * j «■ B « has a P haS8 difference 
2 mS. nS , JT™ 0 " abSO,ute wa,u » a - Additional signal points Cij are depicted at midpoints 
of the output signal points AJj and Bij along concentric circles. The additional signal points Cij tave 

^dna1n? fi ri a ^H ±3L ™T lBwto ±L •* « — asrofereL levels on 

^d^ngtoe first and the second main data signals MPI and MQI in the multilevel demodulator as will be 

45 to J? 6 tSJ/S • ^ a mumieve. modutor according to a second embodiment of this invention is similar 
to frustrated mRg. L The muftilevel modulator, however, does not comprise the phase modulator 20 

TSSSZ? 1 T** *" mUmWQl m0dU,ator ^ -d second coning 

Zfl^ L*f«n«^f f SUPP,,9d With me firSt and me ^d main data signals MPI and MQI and 
M , 9 ^ firSt ""^"S «"* 30 comprises a first read-only memory 32 and a first 

tl^TZ f • UkeWiSe - me ^ 31 comprises a sLnd reao^ 

« ^, SeC0 " d firSt digifai-to-anaiog converter 35. Each of the first and the second coZrtZ 

Sul to M ^ ^ 1,19 S9C0nd mai " ^ SiQna,S MP1 -d MQI and ^dT^S 

MW.l^rSi ^ ana, ° 9 S,9nab MP2! a"d MQ2I. Each of the first and the second analog signals 
ss S?J?iI? ^fJf? ^ ^ iS det8fmined by the first and the second main d2 signals 

55 MP and MQI and « modrfied by the subdata signal SUB. In other words, each of the first and the second 
analog signals MP2I and MQ2I can be regarded as a phase modulated signal in which each of the fiS 
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the second main data signals MPI and MQI is phase modulated by the subdata signal SUB. The first and 
the second analog signals MP2I and MQ2I are delivered through the first and the second low-pass filters 24 
and 25 to the first and the second amplitude modulators 26 and 27 as first and second modulating signals 
MP22 and MQ22, respectively. — 
s The carrier oscillation signal SCI is supplied directly to the first amplitude modulator 26 as a: first- carrier 
signal SCII and, through the W2-phase shifter 28, to the second amplitude modulator 27 as a second carrier 
signal SC2I. The first and the second amplitude modulators 26 and 27 amplitude modulate the first and the 
second carrier signals SCII and SC2I by the first and the second modulating signals MP22 and MQ22 into 
first and second modulated signals MP23 and MQ23. respectively. The first and the second modulated 
to signals MP23 and MQ23 have amplitude levels which are equal to orthogonal projections of the output 
signal points Aij or Bij (Fig. 2) to the real and the imaginary axes X and Y. 

In order to derive the composite modulated signal CM having a high accuracy, it is desirable that each 
of the first and the second read-only memories 32 and 34 has an increased number of output bits. However, 
each of the first and the second read-only memories 32 and 34 may have eight bits for the four-by-four 
75 quadrature amplitude modulator. 

in Fig. 3, the multilevel modulator is compact as compared with the multilevel modulator illustrated with 
reference to Fig. L Furthermore, it is unnecessary with the multilevel modulator of Fig. 3 to keep bit 
synchronism between each of the first and the second main data signals MPI and MQI and the subdata 
signal SUB and is possible to use a limited common bandwidth for the first and the second main data 
20 signals MPI and MQI and the subdata signal SUB. 

Referring to Figs. 4 and 5, a multilevel demodulator is for use as a counterpart of whichever of the 
multilevel modulators illustrated with reference to Figs. I and 3 and is for demodulating the composite 
modulated signal produced by the multilevel modulator. The multilevel demodulator comprises a phase 
detector 40, a subdata reproducing unit 4J, a processing unit 42. and a selecting unit 43. 
25 The phase detector 40 is suppfied with the composite modulated signal indicated at CM'. The phase 
detector 40 carries out phase detection of the composite modulated signal CM' and produces a first phase 
detection signal as a first analog signal DP of the channel P and a second phase detection signal as a 
second analog signal DQ of the other channel Q. Each of the first and the second analog signals DP and 
DQ has amplitude levels which are equal to orthogonal projections projected to the real and the imaginary 
30 axes X and Y on the phase plane as described in relation to Fig. 2. 

The subdata reproducing unit 42 is for reproducing a reproduced subdata signal SUB' and comprises 
first and second analog-to-digital converters 44 and 45 and subdata producing circuit 46. Each of the first 
and the second analog-to-digital converters 44 and 45 has four reference levels depicted In Fig, 2 at ±L and 
*3L The first and the second analog-to-digital converters 44 and 45 are for discriminating the amplitude 
35 levels of the first and the second analog signals DP and DQ. The first analog-to-digltal converter 44 
produces a first digital signal as a first subdata discrimination signal SDP represented by first and second 
bits XIO and X30. The second anaJog-to-digital converter 45 produces a second digital signal as a second 
subdata discrimination signal SDQ represented by first and second bits Y10 and Y30. The first bits XIO and 
YIO of the first and the second subdata discrimination signals SDP and SDQ are for discriminating one of 
40 quadrants of the phase plane. 

The subdata producing circuit 46 is supplied with the first and the second subdata discrimination 
signals SDP and SDQ. As shown in Rg. 5. the subdata producing circuit 46 comprises Exclusive OR and 
NOR circuits 461 and 462 and a majority circuit 463. Responsive to the first bit XIO of the first subdata 
discrimination signal SDP and the second bit Y30 of the second subd^a discrimination signal SDQ, the 

45 Exclusive OR circuit 461 produces a first logical output signal. Supplied with the second bit X30 of the first 
subdata discrimination signal SDQ and the first bit YIO of the second subdata discrimination signal SDP. the 
Exclusive NOR circuit 462 produces a second logical output signal. 

When the first and the second analog signals DP and DQ have the amplitude levels of the output signal 
points Aij (Fig. 2), both of the first and the second logical output signals have binary value "I" whichever 

so quadrant the output signal point Aij may be. On the other hand, when the first and the second analog 
signals DP and DQ have the amplitude levels of the output signal points Bij, both of the first and the second 
logical output signals have binary value B Q\ It will readily be understood that the binary values of the first 
and the second logical output signals correspond to those of the subdata signal. 

In the manner described before, the first and the second logical output signals have the first bit rate f 

55 The subdata signal SUB has the second bit rate f, which is equal to Urn. In the first and the second logical 
output signals, same codes, m in number, may last in succession while one of the binary bits continues in 
the subdata signal SUB. This is because the first and the second main data signal are modulated by 
subdata signal SUB. But, a discrimination error may occur in outputs of the first and the second analog-to- 
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digital converters 44 and 45. This is because the first and the second analog signals DP and DQ has a 
small level difference relative to the reference levels of the first and the second analog-to-digital converters 
44 and 45. This means that the code error or errors may appear in the succession of m bits of the first and 
the second logical output signals. As a result the reproduced subdata signal SUB' has a reduced code 
s error rate. 

In order to get rid of an influence of the code error of the first and the second logical output signals, 
each of the first and the second logical output signals is delivered in bit series to the majority circuit 483." 
For each of the first and the second logical output signals, the majority circuit 463 carries out a majority 
decision known in the art with regard to the succession of m bits which may include the code error or 
to errors-The majority circuit 463 produces an output signal in which a result of the majority decision lasts m 
bits. The output signal of the majority circuit 463 Is the reproduced subdata signal SUB' Thus the code 
error rate of the reproduced subdata signal SUB' is improved. The code error rate depends on the positive 
integer m and the phase difference «. It is therefore desirable that the positive integer m and the phase 
difference «, should be a large number and a large difference. The phase difference « is, however, restricted 
is to radian in the manner described hereinbefore. 

Referring again to Rg. 4, the processing unit 42 will be described more in detail. The processing unit 
42 compnses first through fourth phase shifters 47 to 50 and first through fourth additional analog-to-digital 
converters 51 to 54. The first phase shifter 47 comprises a first attenuator 471 and a first subtracter 472 and 
is for shifting the phase of the first analog signal DP with the second analog signal DQ used as will be 
so descnbed later. Likewise, the second shifter 43 comprises a second attenuator 481 and a first adder 482 and 
is for shifting the phase of the first analog signal DP. The third phase shifter 49 comprises a third attenuator 
491 and a second adder 492 and Is for shifting the phase of the second analog signal DQ with the first 
analog signal DP used as will be described later. Similarly, the fourth phase shifter 50 comprises a fourth 
attenuator 501 and a second subtracter 502 and is for shifting the phase of the second analog signal Da 
25 . 'n «w firet Phase shifter 47, the first attenuator 471 attenuates the amplitude level of toe second 'analoo 
signal DQ by an attenuation factor which win presently be described. The first attenuator 471 thereby 
delivers an attenuated signal to the first subtracter 472. The subtracter 472 subtracts the amplitude level of 
the attenuated signal from the amplitude level of the first analog signal DP and delivers an output signal 
namely, a first phase shifted signal DP* a . to the first additional analog-to-digital converter 51 

" nh„« Sft!^' 9 , ™" 9 i " U 5^L the attenuation fector of the attenuator 471 is equal to tan* The first 
phase shifted signal DP* a is therefore given by: 

Ap«cosff -Aa«sin0«tana = K«cos(fl + a), 

where Apand Aq represent amplitude levels of the first and jthe second analog signals DP and DQ a 

represents the phase of the first and the second analog signals DP and DQ, and K represents a constant 

s Thus, the first phase shifted signal DP, a has a leading phase of « radian relative to the first analog signal 

Ukewise. the second phase shifter 48 supplies the second additional analog-to-digital converter 52 with 
asecond phase shifted signal DP^ having a lagging phase of « radian relative to the first' analog signal DP. 
Thethird phase shifter 49 supplies the third additional analog-to-digrtel converter 53 with a third phase 

t 5? u 9 1?*" havin9 th8 IeadIn 9 phase of » radfan relative to the second analog signal DQ. The 
fourth phase shifter 50 supplies the fourth additional analog-to-digital converter 54 with a fourth phase 
shifted s.gnal DCL, having the lagging phase of a radian relative to the second analog signal Da 

When the first and the second analog signals DP and DQ correspond to the output signal points Aij 
(Rg 2). a combination of the first and the third phase shifted signal DP. a and DQ. a represents each of the 
aooinonal signd I points Oj- The first and the third phase shifted signals DP. a and DQ. 0 therefore have the 
four amplitude levels ±L and ±3L When the first and the second analog signals DP and DQ correspond to 
the i output signal points Bij (Rg. 2). the second and the fourth phase shifted signals DP ^ and DO* each of 
which has the lagging phase of a radian have the four amplitude levels of =tt and ±3L 

The first through the fourth additional analog-to-digital converters 51 to 54 have first through seventh 
so reference levels of 0. sL. +2L, and ±3L and carry out a multilevel discrimination on the first through the 
fourth phase shifted signals DP. a . DP^. DQ. a . and DO*. The first additional analog-to-digital converter 51 
produces a first main data discrimination signal as a first processed digital signal PPI represented by first 
torough third bits XII to X3I. The first processed digital signal PPI corresponds to the output signal points 
?^!f 6 U. SeC ° nd additiQnal analog-to-digital converter 52 produces a second processed digital 
ss signal PP2 The second processed digital signal PP2 corresponds to the output signal points Bij and is 
represented by first through third bits XI2 to X32. The third additional, analog-to-digital converter 53 
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produces a third processed digital signal PQI. The third processed digital signal PQI corresponds to the 
output signal points Al| and is represented by first through third bits YII to Y3L The fourth additional analog- 
tendigital converter 54 produces a fourth converted digital signal PQ2 which corresponds to the output 
signal points Bij and which is represented by first through third bits YI2 to Y3Z 

Referring again to Fig. 5, the selecting unit 43 comprises a delay circuit 431 and a selector 432 and is 
supplied with the first through the fourth processed digital signals PPI, PP2, PQI, and PQ2 and. the 
reproduced subdata signal SUB'. The delay circuit 431 is for giving a delay to the first through the fourth 
processed digital signals PPI, PP2, PQI, and PQ2 so as to keep bit synchronism between each of the first 
through the fourth processed digital signals PPI, PP2, PQI, and PQ2 and the reproduced subdata signal 
SUB'. This is because the reproduced subdata signal SUB' has a time lag as a result of the majority 
decision described before. The time lag is equal to m bits of the first and the second subdata discrimination 
signals SDP and SDQ. Each of the first through the fourth processed digital signals PPI, PP2, PQI, and PQ2 
has a bit rate which is equal to that of the first and the second subdata discrimination signals SDP and 
SDQ. The delay circuit 431 has therefore a delay of m bits which are given by each of the first through the 
fourth processed digital signals PPI, PP2, PQI, and PQ2. 

Reference will again be had to Fig. 4. When the reproduced subdata signal SUB' has the binary value 
"l", namely, when the first and the second analog signals DP and DQ correspond to the output signal points 
Aij, the selecting unit 43 selects the first and the third processed digital signals PPI and PQI and produces 
the first and the third processed digital signals PPI and PQI as first and second output signals OPI and OQI. 
When the reproduced subdata signal SUB' has the binary value "0", namely, when the first and the second 
analog signals DP and DQ correspond to the output signal points Bij, the selecting unit 43 selects the 
second and the fourth processed digital signals PP2 and PQ2 and produces the second and the fourth 
processed digital signals PP2 and PQ2 as the first and the second output signals OPI and OQI. 

The first output signal OPI is represented by first through third bits XI', X2', and X3. The second output 
signals OQI is represented by first through third bits Yl'. Y2'. and Y3. A combination of the firetand the 
second bits XT and X2' of the first output signal OPI is a reproduced signal of the first main data signal 
MPI. Another combination of the first and the second bits Yl' and Y2' of the second output signal OQI is a 
reproduced signal of the second main data signal MQI. Third bits X3 and Y3 of the first and the second 
output signals OPI and OQI are phase deviation signals of the first and the second analog signals DP and 
DQ, respectively. 

The first and the third bits of the first and the second output signals OPI and OQI are delivered to a 
phase deviation detecting circuit 55. The phase deviation detecting circuit 37 produces a phase control 
signal PC in response to the first bits XT and Yl' and the third bits X3 and Y3 of the first and the second 
output signals OPI and OQI. The phase control signal PC is delivered to a voltage controlled oscillator 56. 
The voltage controlled oscillator 56 produces a local oscillation signal which Is phase-locked to the phase 
control signal PC. Such a phase-locked loop operation is described in Japanese Published Unexamined 
Patent Application No. 131151/82 by the present applicant and will not be described any longer. 

Referring to Fig. 6. a multilevel demodulator according to another aspect of this invention is for use as a 
counterpart of whichever of the multilevel modulators illustrated with reference to Figs. I and 3. A subdata 
reproducing unit 57 is used instead of the subdata reproducing circuit 41 described in conjunction with Fig. 
4. In other respects, the multilevel demodulator is similar to that illustrated with reference to Fig. 4. 

The subdata reproducing unit 57 comprises a subdata reproducing circuit 58, a low-pass filter 59, and 
an analog-to-digital converter 60. In the manner which will later be described in detail, the subdata 
reproducing circuit 58 is implemented by analog circuits. Supplied witluthe first and the second analog 
signals DP and DQ from the phase detector 40, the subdata . reproducing circuit 58 reproduces a 
reproduced analog subdata signal DH in the form of an analog signal- 
Referring to Fig. 7, the subdata reproducing circuit 58 comprises first through fourth phase shifters 581a 
to 58ld, first through sixth full wave rectifiers 582a to 582f. first through third subtracters 583a to 583c, first 
through third analog switches 584a to 584c. and an adder 585. The subdata reproducing circuit 58 further 
comprises a discrimination circuit 586. an Exclusive-OR circuit 587, a selector 588, and an amplitude 
modulator 589. Such a reproducing circuit 58 is described in Japanese Published Examined Patent 
Application No. 698/83 by the present applicant Therefore, description will be made with regard to parts 
which are operable in specific conjunction with this invention. 
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mod^^^^'J 0 (RQ - 6) b ^ * e conventional multilevel quadrature amplitude 
^i it^ ^"tl 9 drCUit 58 to produca « P^e Laticn ag ^tf 

s amrwr^Twhfch hi T composrte modulated signal comprising the phase modulated 

M^SLTwB Mft2i?? * * n * n aCCWdanc8 *«" binary values of the 

stibt^'sLaTe^ "to IT *" ^ fU " 582a and 582b and the first 

mmhin^n^ «^ *L _TT U ' Resp0ns,ve to the first and the second analog signals DP and DQ a 

signal DK. ResponsjvTto tte ftS ^Tacter 583b to P^uce a second processed analog 

the four* phat^L £L ^^J!"2? ^ 5,90313 DP and DQ ' a combination of the third ana 

rs m SSiSiSS ^LTt 51 ^ 0? fU " recfifiere 5828 582f. and the 
lusjonacwroaocaiso serves to produce a third processed analog signal DM * 

^S^SSSTSlT 1 * ™ ^ ** thr0U9h f0Urth B™* *•»" in Rg. 8. The 

pointe AO i *L SI 31 ?* 8 f 800 ^ ana, °g Canals DP and OQ correspond to the output signal 

so ^Zo w J^Z^^ G T Mde modutetor 588 — out - p ^ e — * 

the Sut e sS^^aT B ?TtSt ^ T ^ aCWdanc * ** P-*"» of 

mreewncenttcaS 35 h^^L! ^ ^ ^ points *« ^ B * arranged along 

Rg. h21S ^STJ? 3 C ° mmon C8nter 84 *° origin 0 as shown in 

ss the repnSu^aSteo su^L ? ^ 7 A " B "' A,2BI2 ' AMBW in Rg. 2. Therefore, 

mESSi ^ h3S " ,nStantaneOUS ^ *** Vfl ries among the'three differeni 

^T^eT^?^^^ h ° f *° reDroduCed -00 subdata signal DH. the low-pass 

^^sr^Be ^iTssrssir for 1,16 reproduced — - 

s for the ffrst and the second Jin ri»t „•„ . - 2 J* han * ■» avera 9e discrimination level 

error iateoT«rt «?S ^ 9 ' S 0y 2L ^ ^ exam P fe being illustrated, the code 

first and the second SSSlff ^ by 3 dB as wth ^ produced 

as a R cottroi Z^^JT^ aCCOrdina to 56,1 «*« ^ of this invention is for use 

T^ mX^ rnuftn9Vel m odulators illustrated with reference to figs. I and 3. 

; coring ^ - intermediate-frequency amplifier 6.. a pLe detector 62. a 

S^l? later to de^S^ TS"?" 9 641 and a main 0*3 reproducing unit 65. In the manner 
Tby'dS^f * ** * ^ — * - d * e «* ^ -Pacing unrts 64 and 65 
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Suppled with the composite modulated signal CM', the intermediate-frequency amplifier 61 amplifies 
to composite modulated signal CM' and delivers an amplified signal to the phase detector 62. The phase 
detector 62 carnes out phase detection of the amplitude signal with reference to a pair of quadrature-phase 
local earner signals supplied through a voltage controlled oscillator 66. The phase detector 62 delivers first 

s and second analog signals DPI of the channel P and DQI of the channel Q to the converting unit 63 

. JT^?" 9 Unit 63 com P rises first and second baseband amplifiers 67 and 68 and first and second 
£ ° 0nVe ?I S 69 ^ ^ Supp " ed with me first and the S8C0nd ^ a'Snals DPI and DQI, 
^n«?Hn S S n ?, aS8l] f d amP ' ifi8rS 67 and 68 are far amplifying the first and the second analog 
signals DPI aid DQIto deliver first and second amplified signals to the first and the second analog-to-digital 

io converters 69 and 70. f*ch of the first and the second analog-to-dlgital converters 69 and 70 has seven 

1„T11 C ! a S rn^. 3 ^ ^ and carri9S out 3 mu " ileve l discrimination of a relevant one of the first 
and the .second I amplified signals. The first and the second analog-to^igital converters 69 and 70 produce 

a£o£ , di9 ? J ? 9nalS DP " and DQ,I> 6300 of «»** is 9 iven in bit Parallel, as first and 
second d.scnm.nation s,gnals. Each of the first and the second converted digital signals DPII and DQII may 
15 do an eignt-oit signal. m ' 

hJ? 8 ^™ 9 S!? to ^ '°* and ,2> *" subdata «P«^K«no unit 64 will be hereunder described in 
Uh^i da ^ Pr0dUdn9 " nit 64 com P rises 3 'ogle circuit 641. first and second multipliers 642 and 
643. a subtracter 644 and a majority circuit 645. Responsive to firet and second upper bits of the first and 

« ^J QCO ? °°? ^ 310,13,3 DP " and DQ "' mB ,Q 9 ic drcuit 641 discriminates positions of the 
S ' 9 "^ JO* . 0,1 ^"^P^ding to the first and the second converted digital signals DPII and DQII 

^ a Fm^^T 3 ! C °r d ^ *** FPI 3nd FQ '- ^ Sn0wn ,n R 9- »• and the second factor 

data FPI and FQI take absolute values of unity and three in accordance with the position of the additional 

tSEfSL l' Z * e nUmb8r ° f 11,9 P° s,tive tnte 9 er 1- A» 8ho *" '« *9- 12, the firet and the 

2S ? F TL?" d FQI ^ P° sitive or native sign In accordance with the positions of the 

25 additional signal points C.j. in other words, the number of the positive integer!. . - 

^Jf"".* 8 additi ° nal f gMi Cii 3fB present ,n 816 ** or *• •** ^"adrant of the phase plane, the 
S the SirS^ 40 *£* "J"' 66 - 1,18 P 0 ^ 8 int89er i ,s 89uaJ to 008 of uni * *^gh four. In this 
stanl^Pif^^r 8 se ^™ ,K P Bere 642 and 643 convert «* and the second converted digital 
» ,„T nul co ^Ponding to the output signal points A1J to firet and second multiplication signals 

sZd multidS SaSSl ? iCh C °' reSPOnd t0 ^ 0UtpUt 8,9031 P° int " < R °- 2 >- ^ ** "5 
cSSLnS ^ ^ 3,50 m8 flrst 3011 me ^""d converted digital signals DPII and DQII 

SS^ShLT^ ??* S ' 9nal P° intS 8,1 10 108 flrSt 30,1 tne m »l«P»cation signals DMSI and 

DMS2. respectively, which correspond to the output signal point Bll (Fig 2) 

« oi^r^Sl ™^ dia °r al SS ^? 1 p0intS ^ 3,13 P^ 36 " 1 ta «•« second or the fourth Quadrant of the phase 
£ \ Z T£ " 96r ' iS eqUal totw,or four wnl,e tne P° sitive ini W i « equal to one of unity 
T^Z- lf"j ^ fifSt ^ 1,16 f8CGnd multi P ,iers 642 and 643 invert thirst and me second 
T"nMc, DQ " -"^P 0 " 0 ^ to •» output signa. points AIJ to the first aTtne 
second ^Pi-cation SKjnals DMSI and DMS2. respectively, which correspond to the output signal point 

e l!™rHnm SMOnd mUltiplierS 642 ^ 643 3,50 « m « fir * and the second converted digital 

S S^SS" - * 8 ?"! 10 11,8 ° UtPUt " i9na ' P° int BU 40 me firSt 30(1 me ^ """aplication 
signals DMSI and DMS2. respectively, which correspond to the output signal point B3I 

n*JSSt jSJilS f d the 5eC ° nd multi P lic a«on signals, the subtracter 644 subtracts the second 
72 fZOZ £ m ^ fifSt mu, °P |icalion si 9 nal DM S' and produces a subtraction result signal 
m bit parallel. The subtraction result signal represents a level of the reproduced subdata signal SUB' 

Wna^^h^^I^ 0 "^' 1 ^ m0St Sign,fiC3nt bit ^^tative of a positive sign by the 

M nlTS r5 el ^ . 818 S8Cond """W digital signals DPII and DQII correspond to the output 
signal pant An. On the other hand, the subtraction result signal has the most significant bit represontetiveof 

JUST'S ^J"^ "°" ^ th9 fifSt " d 018 S6Cond conv8rt8d i»- signal™ DP?and D(Jl 
S r ?; S,9naI P° int Bij - Th8r8fore - !t is P ossib,e to discriminate whether the output signal 
££TJ2?£ Z d,SCnm,na1in ? *• si 9" ° f *a matt significant bit of the subtraction result signal. The 
majonty cireurt 645 cames out a majority decision on the most significant bit of the subtraction result signal 

Sat SUB'^ 3 ° f ** ^ deaSi ° n m bite - ™- «*- *«- ia » 8 

co m bS„ 9 „f t0 ,^'^ SU ^ a,a reprodudn 9 unit M ' « ^ilar to that illustrated in Rg. 10 except that a 

tUSUl ?£E1 T 0 ? COnV / rter 6461 3 '^-P 333 filter M7 - and an analog-t««iigital converter 648 

ZZTZl^ST S™' 645 (Rg - ' 0> - Sup P ,ied W,h 0,8 Subtraction r8SU,t ^nal in bit parallel 
from the subtracter 644. the digrtal-to-analog converter 646 converts the subtraction result signal to an 
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15 



T^Z-HT* J?, 09 ^ nas a bandwidth restricted by the low-pass filter 647 which has the same 
bandw,dtt, as thelow-pass filter 59 described in conjunction with Fig. 6. The low-pass filter 847 delivers a 
filtered signal to the analog-to-digital converter 64a The filtered signal is converted by the analog-to-digital 
converter 643 to the reproduced subdata signal SUB' of a single bit ^ 9 

hJ!XI?IS R f ■ W I5 ' the mai " d3ta re P rododn S unit 65 comprises a logic circuit 651. a delay 
cront 652. first and second multipliers 653 and 654. and first and second adders 655 and 656 The looic 

°? f' P"*"?* ** "J ■»*■ factor data FP2 and FQ2 in response to the reproduced subdata signal 
^1 Tr ^ J^ tl ' * 8 reprDduC8d si 9 naJ SUB ' corresponds to the output signal 

K pof2 ta ) ' "? ^ 651 ProduC8S * e firet f3Ctor ^ FP2 of -tana and the second factor 
datum FQ2 of tena. To the contrary, when the reproduced subdata signal SUB' corresponds to the output 

SK^S^*" *"* ^ Pr0dUC8S ^ ** d3&Jm ^ of toTand tte'sS 

The delay circuit 652 has the same delay time duration as the delay circuit 431 described in conjunction 

ZSJTm 25? ^ ° f J* 6 firSt 31,(1 * e Second «■***■« 653 and 654 and the first and the second 
adders 655 and 656 .s a digrtal calculator and carries out the following digital calculation- 



20 



fOSlll r 1 TtasoO pPin 
loQliJ i+tanbC 1 J |dq1iJ 



CQSDt" 



as 



f cos* TsincO. f DP 111 

I i 



30 



as 



ZlTV^ ad i*° n ^ ° f ^ first ** * 9 ^d adders 655 and 656. respectively. In the 
T% TJ*. P,US ^ minu3 ^ ^ be called a sign pair. When the reproduced subdaS 

Z Ji'^^ to the output signal point Alj (Rg. 2). an upper sign of the slgn^StoSed ^When 

nn ,.^"jL^ * J?" 3 CaCh0fthe s, 9 na ' Point Aij or BO may be considered as a vector (DPII. 

SiT2 b ^ **** 13 8 COnStant 1,16 ^ rotates the oX S 

point A^ | by a radian around the origin 0 counterclockwise and rotates the output signal point Bij by - radian 

tTZ^T ° d f CWiS8 - Theref ° re - firet 80(1 ft e second addroon3L OP.I JS o2 CO^no 
to tire addrtiond signal pomts CiJ (Rg. 2) no matter whichever of the output signal points AJ and bSS 

T^T^JT"** *** ^ n3iS DP " Bnd DQ " ™* correspond to uLSTirt S the fS 2 
SiTS? fTrT T?° PU ^ °Qn « * signal wherein each of the first and the seccTcoTeSd 
digtfaj signals DPII and DQIl is derived of the phase modulated component nKxtulated^le^uSate 

40 ^™, ReferT,ng aQain to Rg - 9 ' 100 first and the second adders 655 and 656 produce the first addition result 

are deDvered to the first and the second baseband amplifiers 67 and 68 through a low-pass filter 7L The 
££££ ££? r PfifiefS 67 - 68 COf *° l a dc " -tput leveltereoTin^Se^^ 

ZT^Zt l^l !" '^-P 355 fitt8r7 '- Asa result - ft « Possible to compensated a drift* 

JU?H ^ K b 5 th8 firSt 30(1 second ^P'fed signals. Such a drift compensation oMhe 

^ n A n fS l 2l!i n Si t l 2 '!, for contro,,in 9 a S 3 " 1 of t"e intermediate-frequency amplifier 61 and another 
5 Ji Z t^S ^r^Hr^ 68 m resp ° nSa » the first and the third bits K and Yl. and X3 Z 

sites Pe^tZ T^TTi^Z T* 3 ° P " ^ 0Q,L SuCh 3 circuft « in United 

55 c^eoT ' 4 ' 246 ,SSUed to Yasuhanj Yosh i^ the instant applicant, and assigned to NEC 

conjuSl^ f* ^ ^ ^ ^ ^ 66 in «» m3 " ner 
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demodSL?' iZ ^! to T" 108 3 characterisBc degradation due to imperfectness of hardware of the 
Srm^' 2 i Z T ^ ^ 3nd Subdata ^a"* 5 « ^oduced by the digital calculation 

JSSiSis^r te used as * ca,cu,aen9 ,n «■ ~* * 9 — ^ 

thereTft Sf i2 k !ll h " ^ ? deSCr,b8d in C ° niUnCti0n With Several preferred embodiments 
la^ll V P ° SS l b ' 9 for *°* SWIted in *e art to put this invention .into practice in various 
2L7f7h? ? H 8Xamp,e ' *" firSt «* ■» second main data signals may be represented by different 

TodTnum eT EJUS? £ ""h* *" ^ nUmb9r3 may n0t n9CeSsaril * be " e ™ 
, Trl^ZlT^l 1 me " Umber 0f bils of the first or second ma «'n data signal may be equal to 

Iv bfi ^ * fS* 0 *' nUmber ° f ^ ° Ulput Si9nal ^ <* * e com P°^ modu.ate?signS 
£f £££ IT !* W * ' S r93di,y ° nd9rSt00d ** the ^-to-digital converters and the Sic 

m snou.fi 11^ 'T ed ^ ° f Wte ' ^ ** *• phase differenca " ■* the positive £££ 
m should be modified for optimum operation. y 

Claims 

a J m ™if ^ T?. 1 "* 0 ' ?' m ° dUlatin9 3 firet 3 se «nd main data signal and a subdata signal into 
IS SZZZV!*"' •""* ° f 83,9 ** and SeC ° nd main d *a signals being represented by 
£££ bToneof iSi? 3 pOSi ^. inte 9 0r which ia «* less than two. said suWata signal beiSg 

T 3 S9C0nd bmary va,ue 34 a time ' wherein «" improvement comprises: 
«bS£? JLhTS ^"t 9 10 83,0 firSt ^ S3id second mai " data signals and said subdate signal for 
modubbng sad first and said second main data signals and said subdata signal into said cZosS 
modulated s,gnal comprising a quadrature amplitude modulated component and a phate SlatS 

f^ET* *aL q TT Q ampntUde modu,ated ^onent being modulated by said firet a^O I 22 
second main data signals and having 2* output signal points on a phase plane, said phas^m^lSd 
component being modulated by said subdata signal. ^ modulated 

nh»« U ' ti | e H Ve . m0dU,at0r 88 daim9d in Claim '■ wherein *** modulating means comprises: 
•kJ^oSStSiTr" M SP0nS,V9 t0 8 ^ o' P^ture-phase earner signals and said subdata 
p'S £££ " qUadratU ^ haS9 — "V - subdata ,gna. Into sad 

sai d iS^lTI^ 08 modu,atln 9 means responsive to said first and said second main data signals and 
sard phase modulated component for amplitude modulating said phase modulated component by Sd Trst 
and sard second main data signals into said composite modulated signal ^ * firet 

.J a * ^ ,l,,leve, , m ° dulator 38 clai med in Claim 2. wherein said phase modulated component has a firet 
h PUS "r"!" r6,at,Ve to «« P* of ^ratere-phase carrier signage « is n* 
E ^n^H? Si9naI has "« firet value, said phase modulated component 

Zn "i^SfE ?'h 9099 ° f mi0US * radian re,ativs to 3aid P air <* Quadrature^hase earner Sgnals 
when said subdata signal has said second binary value. »a<«» 

4. A multilevel modulator as claimed in Claim I, wherein said modulating means comprises: 
J^rTiyT!? r8 w P0n 1 !. iV9 10 S3id firSt said second rnain data ^Q" 313 and said subdata signals for 
Snred 9 ^;^ ^ SeC ° nd ^ Si9naiS by 8a5d SUbdata 3 « and /second 

* ^d q fi^ re , a ? Pr,tUd !i m0dU,atin9 m9anS reSp ° nsive t0 3 pair of Quadrature-phase carrier signals and 
S^bv^idl^t^^ Si9na,S for ampBtude modul3 «"9 said pair of quadratures^ iTer 
s.gnals by said first and said second converted signals into said composite modulated signal 

m J\ f m ? rTlodu,ator for modulating a main data signal and a subdata signal into a comoosite 

so TZtel^^Z^*^™ ^ 099 ° f 9 fifSt - 3 S9C ° nd bi "^ va.ue at a fime. 
modulating means responsive to said main data signal and said subdata signal for modulating said main 

tmnitoH S,^? SUbd3ta Si9nal int ° Said COmpo3ite modul3te d signal comprising , ^ qSdrTre 
amplitude modulated component and a phase modulated component said quadrature ampl.tude moduCd 
component be.ng modulated by said main data signal and having 2" output signal ctil^oaV^^ 
55 sari phase modulated component being modulated by said subdata signT P P 9 ' 

«. JL? mu,D, 7 t e, demodulator for demodulating a composite modulated signal comprising a multilevel 
quadrature ampfitude modulated component modulated by a first and a second main S sranTand a 
Phase modulated component modulated by a subdata signal each of said firet and said second S Tdata 
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signals being represented by first through n-th bits and having a first bit rate f, where n represents a 
positive integer which is not less than two, said subdata signal being represented by one of a first and a 
second binary value at a time and having a second bit rate f t which is not greater than said first bit rate 
divided by a predetermined natural number m, said phase modulated component having a first phase 
difference of plus a radian when said subdata signal is represented by said first binary value, where a is not 
greater than W2 20 , said phase modulated component having a second phase difference of minus a radian 
when said subdata signal is represented by said second * binary value, said demodulator comprising 
detecting means for phase detecting said composite modulated signal to produce a first and a second 
phase detection signal, wherein the improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced mam data signal in response to said first and said second phase detection 
signals. 

7. A multilevel demodulator as claimed in Claim 6, wherein said reproducing means comprises: 
subdata reproducing means responsive to said first and said second phase detection signals for 

reproducing said reproduced subdata signal; and 

main data reproducing means responsive to said first and said second phase detection signal for 

reproducing said first and said second reproduced main data signals in accordance with said reproduced 

subdata signal. 

a A multilevel demodulator as claimed in Claim 7, wherein said subdata reproducing means comprises: 
analog-to-digital converting means responsive to said first and said second phase detection signals for 

converting said first and said second phase detection signals to a first and a second digital signal; and 
subdata producing means responsive to said first and said second digital signals for producing said 

reproduced subdata signal 

9. A multilevel demodulator as claimed in Claim 8, wherein said subdata producing means comprises: 
logic circuit means responsive to said first and said second digital signals for carrying out a logical 

operation on said first and said second digital signals to produce a first and a second logical output signal; 

and 

majority circuit means responsive to said first and said second logical output signals for carrying out a 
majority decision on 2m-btts which are equal to a sum of m-bits of said first logical output signal and m-bits 
of said second logical output signal to produce a result signal as said reproduced subdata signal. 

K). A multilevel demodulator as claimed in any one of Claims 7 to 9, wherein said main data 
reproducing means comprises: 

processing means coupled to said detecting means for processing said first phase detection signal to a 
first and a second processed digital signal and said second phase detection signal to a third and a fourth 
processed digital signal; and 

selecting means coupled to said processing means for selecting one of said first and said second 
processed digital signals and one of said third and said fourth processed digital signals in accordance with 
said predetermined one of the binary values of said reproduced subdata signal. 

IL A multilevel demodulator as claimed in Claim 10. wherein said processing means comprises: 

phase shifting means responsive to said first and said second phase detection signals for shifting a 
phase of said first phase detection signal to produce a first and a second phase shifted signal and a phase 
of said second phase detection signal to produce a third and a fourth phase shifted signal, said first and 
said second phase shifted signals having a leading and a lagging phase of a radian relative to said first 
phase detection signal, said third and said fourth phase shifted signals "having a leading and a lagging 
phase of a radian relative to said second phase detection signal: ~ ~ "* 

analog-to-digital converting means responsive to said first through said fourth phase shifted signals for 
converting said first through said fourth phase shifted signals to said first through said fourth processed 
digital signals. 

12. A multilevel demodulator as claimed in Claim 6. wherein said reproducing means comprises: 

converting means coupled to said detecting means for converting said first and said second phase 
detection signals to a first and a second converted digital signal; 

subdata reproducing means responsive to said first and said second converted digital signals for 
reproducing said reproduced subdata signal; 

main data reproducing means responsive to said first and said second converted digital signals for 
reproducing said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 



12 



0 238 822 



13. A multilevel demodulator as claimed in Claim 12, wherein said subdata reproducing means 
comprises: r 

logic circuit means responsive to said first and said second converted digital slgnaJs for carrying out a 
ogical operation on said first and said second converted digital signals to produce a first and a second 
factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said reproduced subdata signal. 

14. A multilevel demodulator as claimed in Claim 13. wherein said digital processing means comprises: 

a first mult.pl.er responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
mu tip y .ng said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a subtracter responsive to said first and said second multiplication 'signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal; and 

a majority circuit responsive to said subtraction result signal for carrying out a majority decision on a 
succession of m bits of said subtraction result signal to produce a discrimination signal as said reproduced 
subdata signal. 

15 «;^ ,nU !E l T l d8modulator 35 c| a'™° In Claim 13, wherein said digital processing means comprises: 
a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 

said first converted digital signal by said first factor datum to produce a first multiplication signal; 

a second multiplier responsive to said second converted digital signal and said second factor datum for 

mult.py.ng said second converted digital signal by said second factor datum to produce a second 

multiplication signal; 

a subtracter responsive to said first and said second multiplication signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- 

a digitahto-analog converter coupled to said subtracter for converting said subtraction result'signal to an 
analog signal; 

a low-pass filter coupled to said digital-to-analog converter for extracting a predetermined band of said 
analog signal to produce a filtered signal; and 

an analog-to-digital converter coupled to said low-pass filter for converting said filtered signal to a digital 
signal 83 said reproduced subdata signal. " 

16. A multilevel demodulator as claimed in Claim 12. wherein said main data reproducing means 
comprises: 

logic circuit means responsive to said reproduced subdata signal for carrying out a logical operation on 
said reproduced subdata signal to produce a first and a second factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said first and said second reproduced main data signals 

17 A multilevel demodulator as claimed in Claim 16, wherein said digital processing means comprises: 

a first mult.pl.er responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal; 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
implying said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a first adder responsive to said first converted digital signal and said second multiplication signal for 
adding said first converted digital signal to said second multiplication signal to produce said first reproduced 
main data signal; and 

a second adder responsive to said second converted digital signal and said first multiplication signal for 
adding said second converted digital signal to said first multiplication signal to produce said second 
reproduced main data signal. 

18. A multilevel demodulator for demodulating a composite modulated signal comprising a multilevel 
quadrature amplrtude modulated component modulated by a main data signal and a phase modulated 
component modulated by a subdata signal, said main data signal being represented by first through N-th 
bits and havmg a first bit rate f . where N represents an odd number, said subdata signal being represented 
by one of a first and a second binary value at a time and having a second bit rate f, which is not greater 
than said first bit rate divided by a predetermined natural number m. said phase modulated component 
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having a first phase difference of plus a radian when said subdata signal is represented by said first binary 
value, where a is not greater than t/2", said phase modulated component having a second phase difference 
of minus a radian when said subdata signal is represented by said second binary value, said demodulator 
comprising detecting means-far phase detecting said composite modulated signal to produce a first and a 
5 second phase detection signal, wherein the improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to . said first and said second phase detection 
signals. 
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